Aim: this study was to evaluate the response of immature permanent teeth with necrotic pulp and apical periodontitis to two revascularization protocols (Clinical study). Materials and Methods: Twenty upper central incisors with incompletely formed roots from young patients (7 to 18 years old) were selected according to the inclusion criteria. Patients were divided into two groups (10 roots each). Group I; irrigated with 1.5% NaOCl, disinfected using triple antibiotic paste mixed with propylene glycol as a vehicle and revascularization using blood clot. Group II; irrigated with 2% Chitosan, disinfected using triple antibiotic paste mixed with 2% Chitosan as a vehicle and revascularization using blood clot. Each experimental group were subdivided into 3 subgroups (A, B and C) according to the post treatment evaluation period 3, 6 and 12 months respectively. Clinical and radiographic evaluation was performed in 3 follow up periods. Results: Clinical results revealed asymptomatic patient with presence of pulp response to hot sensitivity test in all patients of both groups (I, II) at 12 months follow up evaluation period. Radiographic results regarding increase in root length and resolution of apical radiolucency showed insignificant differences (P >0.05) between the two experimental groups over the three follow-up evaluation periods (3, 6 and12 months). Regarding increase in root thickness, in subgroups A, statistical analysis showed significant difference (P < 0.05) between the experimental groups, on the other hand, the results were statistically insignificant (P >0.05) in subgroups B and C (6 and 12 months) follow-up evaluation periods. Regarding decrease in apical diameter the results were statistically significant (P < 0.05) over the three follow-up evaluation periods (3, 6, 12 months).
INTRODUCTION
Trauma to the developing dentition, may results in pulp necrosis and incomplete root formation. Treatment of the young permanent tooth with 
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ADJ-for Grils, Vol. 5, No. 2 necrotic pulp and an incompletely developed root is fraught with difficulty. Not only is the root canal system often difficult to fully debride, and obturat with blunderbuss apices, but the thin dentinal walls increase the risk of a subsequent fracture (1) .
Recently, revascularization procedures have been recommended to treat immature permanent teeth with necrotic pulp tissue and apical periodontitis. The treatment procedures have been shown to result in increased thickening of the canal walls by deposition of hard tissue and encourage continued root development (2) . To promote regeneration, the pulp space and dentinal walls must be sufficiently disinfected before performing pulp regeneration procedures. Therefore, researchers suggested that regenerative endodontic treatment will occur if it was possible to create an effectively disinfected canals and the coronal access was effectively sealed. The canals disinfection can be accomplished through irrigation and intracanal medicaments (3, 4) . When considering the type of irrigants used for disinfection of the canal, it is important to balance the need to eliminate microorganisms with the need to maintain vitality of stem cells (5) . Sodium hypochlorite (NaOCl) is the most widely used agent for chemical debridement in endodontic procedures, including regenerative endodontic procedures (6) . A well-structured analysis of studies done on regenerative endodontics suggests that 80% of reported cases used sodium hypochlorite in a concentration of 1 to 6% (7) . The disinfection potential of sodium hypochlorite is concentration dependent and higher concentration translates into greater degree of disinfection but it has been found that higher concentration of sodium hypochlorite leads to decreased survival of stem cells due to denaturation of growth factor (8) (9) (10) .
Environmental concerns have led researchers to turn to the nature, searching for more biocompatible materials and solutions that will be friendly to environment, as chitin and chitosan. Chitosan presents different biological properties such as; biocompatibility, noncarcinogenic, anti-inflammatory and promotion of cell adhesion, proliferation, and differentiation which are important for regenerative procedure (11) . Moreover, several studies demonstrated antimicrobial activity and chelation properties of chitosan which are important for being an irrigating solution (12) (13) (14) (15) (16) (17) . Due to the previous favorable properties, chitosan and its derivatives have been used to produce a large number of different matrices for tissue engineering applications (18) .
After canal disinfection with copious irrigation, it is recommended that the canal be dried with paper points and an intracanal medicament be placed. The most widely used intracanal medicament used in regenerative endodontic procedures is the mixture of ciprofloxacin, metronidazole, and minocycline, to form triple antibiotic paste (TAP). This combination has been shown to be highly efficacious against bacteria commonly found in infected root canal systems in both in vitro (19) and in vivo studies (3, (20) (21) (22) (23) . However, other intracanal medicaments have been used including Ca(OH) 2 , the combination of metronidazole and ciprofloxacin (double antibiotic paste-DAP) and the combination of metronidazole, ciprofloxacin, and cefaclor (modified triple antibiotic paste) (24) (25) (26) .
In several regenerative endodontic or revascularization case reports, immature permanent human teeth with a clinical diagnosis of pulpal necrosis are disinfected, and bleeding is evoked via over instrumentation (3, 21, 27) . The provoked bleeding step acts to deliver stem cells from the periapical tissues such as stem cells from apical papilla (SCAP) to the canal system, as well as providing a fibrin clot that can act as a scaffold to support cellular proliferation, and can provide growth factors present in platelets (27, 28) . The induction of intracanal bleeding in animal studies has been shown to improve the outcome of regenerative endodontic therapy not only radiographically, but with histologic evaluation too (29) . After formation of a blood clot, the orifice of the canal is sealed with MTA, a biocompatible sealing material, which allows the regeneration of new tissue adjacent to it Response of Immature Permanent Teeth with Necrotic Pulp and Apical Periodontitis (207) followed by permeant coronal restoration (30) . Thus the purpose of this study was to evaluate the response of immature permanent teeth with necrotic pulp and apical periodontitis to two revascularization protocols.
MATERIALS AND METHODS
Approval for this study was obtained from the research ethics committee in the Faculty of Dental Medicine for Girls Al-Azhar University. Twenty upper central incisors with incompletely formed roots from young patients ages (7-18) years old were selected. Informed consent was signed by the guardian after explanation of the treatment protocols and the expected outcomes or alternative management. Patients were divided into two groups (10 roots each). Group I (10 teeth): disinfected using 1.5% NaOCl for irrigation and triple antibiotic paste mixed with propylene glycol as a vehicle and revascularization using blood clot. Group II (10 teeth): disinfected using 2% Chitosan © for irrigation and triple antibiotic paste mixed with 2% Chitosan as a vehicle and revascularization using blood clot.
Treatment protocols: Treatment decision was made based on detailed analysis of clinical and intra-oral radiographic examination. The first appointment; under strict aseptic conditions (rubber dam application), root canal treatment was performed. A working length radiograph was taken approximately 2mm shorter than the apex using a suitable size file (according to the canal diameter).The canals were irrigated according to the assigned protocol for each group using side perforated irrigating needle # 27 . No mechanical instrumentation was performed. A layer of a bonding agent was applied on the walls of the pulp chamber prior to antibiotic paste application in order to minimize crown staining (22) . The canals were then dried with sterile paper points and disinfected with a mixture of antibiotic paste ciprofloxacin * (250 mg), metronidazole ** (500 mg), and cefaclor *** (125 mg) mixed with macrogol ointment and propylene glycol (MP) as a vehicle in group I and 2% Chitosan in group II. The antibiotic paste was inserted into the canals using hand plugger and ensure that it remains below CEJ (minimize crown staining). The access cavities were sealed with a cotton pellet and intermediate restorative material for four weeks (10, 31) .
The patients were scheduled for a second visit after four weeks. Local anesthetic without a vasoconstrictor was administered as recommended by AAE (10) . After isolation with a rubber dam, the access cavity was reopened, the canals were irrigated with 10 ml saline to remove the triple antibiotic paste. The canals were dried with sterile paper points. K-file # 30 was introduced into the canals through the apical foramen to provoke bleeding from the periapical tissue into the canals up to the CEJ, stop bleeding a level that allows for 3-4 mm of restorative material. The patients were left for about 5 minutes in order to form a blood clot. A preparation of white mineral trioxide aggregate (MTA) was gently placed over the blood clot. The access cavity was double sealed with a bonded resin restoration (glass ionomer then composite restoration).
Clinical and radiographic evaluation was performed in 3 follow up periods (3, 6 and 12 months). Clinical evaluation was made to assess presence or absence of; Pulp sensitivity, pain with palpation or percussion, sinus tract and Soft tissue swelling. Radiographic evaluation using indirect radiographic system (DBS Win software, Vista Scan System) was applied for assessment of increased root length, increased root thickness, decrease in apical diameter and resolution of apical radiolucency (Linear measurements, diameter of periapical lesion and bone density analysis). 
STATISTICAL ANALYSIS
Data were collected, coded, tabulated and statistically analyzed using Social Science (IBM SPSS) version 20. The quantitative data were presented as mean values, standard deviations and ranges and percentages of changes. Regarding the quantitative data with parametric distribution, the comparison between two independent groups was done by using Independent t-test. The confidence interval was set to 95% and the P-value was considered significant as the following: P > 0.05: Non significant, P < 0.05: Significant, P < 0.01: Highly significant.
RESULTS

Clinical evaluation:
In the present study clinical findings regarding pain with palpation or percussion, presence or absence of sinus tract and soft tissue swelling, all patients of both groups (I, II) were asymptomatic during the entire follow up evaluation periods (3, 6 and 12 months). Another clinical finding that has been reported at 12 months follow-up evaluation period is a positive pulp response to hot sensitivity test. 
Table (1) Mean value and standard deviation (SD) of increase in root length (mm) and the percentage increase in root length for groups (I, II).
Root length
Radiographic evaluation:
Results of both groups (I, II) showed an increase in root length, thickness, decrease in apical diameter and resolution of periapical radiolucency with a significant difference (P < 0.05) over the three follow-up evaluation periods (3, 6, 12 months) compared to the preoperative radiographs.
Regarding the results of percentage increase in root length, the results showed insignificant difference (P >0.05) between the experimental groups (I, II) over the three follow-up evaluation periods (3, 6, 12 months) Table 1 .
The results of percentage increase in root thickness showed significant difference (P < 0.05) between the experimental groups (I, II) in subgroup A (3 months). On the other hand, the results were statistically insignificant (P >0.05) in subgroups B and C (6 and 12 months) follow-up evaluation periods (Figure 1 ).
Regarding the results of percentage decrease in apical diameter, the results were statistically significant (P< 0.05) over the three follow-up evaluation periods (3, 6, 12 months) Table 2 .
Response of Immature Permanent Teeth with Necrotic Pulp and Apical Periodontitis (209) Healing of the periapical radiolucency was recorded in different parameters, the results showed decrease in linear measurements and diameter of the periapical lesion as well as increase in bone density through the follow-up evaluation periods (3, 6, 12 months), with no statistical significant difference (P >0.05) between the two experimental groups (Figure 2 ). 
Table (2): Mean value and standard deviation (SD) of apical diameter (mm) and the percentage decrease of apical diameter for groups (I, II).
Apical diameter
DISCUSSION
A growing body of evidence suggests that revascularization endodontic treatment might be possible after pulpal necrosis, even for apical periodontitis in immature teeth with open apices. Blood clot mediated treatment has demonstrated radiographic signs of continued root development with periapical healing (32) . Therefore, this study was conducted to evaluate the response of immature permanent teeth with necrotic pulp and apical periodontitis to two revascularization protocols. The selected age of the patients was ranging from 7 to 18 years, as young children have a greater healing capacity with more stem cell regenerative potential (24) .
In the present study clinical findings regarding positive pulp response to hot sensitivity test that has been reported at 12 months follow-up evaluation period is corroborated with other studies (3, 30, 33, 34) . Although a positive response to a pulp test is not conclusive for the regeneration of pulp tissue in the canal space, it is one of the requirements for showing regeneration. It is important to note that the lack of a pulp response in teeth that underwent REPs does not necessarily indicate a lack of vitality. Several case studies that did not report a positive response to pulp testing showed radiographic evidence of continued root development, indicating the presence of vital tissue in the canal space (20, 21, 26, 35, 36) .
Regarding increase in the root length, radiographic findings showed no statistical significant difference between the two experimental groups. However, there was a borderline difference between group I (NaOCl) and group II (Chitosan), where Chitosan produced higher percentage increase in the root length compared to NaOCl after 12 months. Moreover, the radiographic thickening of radicular dentin walls showed insignificant differences between the experimental groups after 6 and 12 months. This findings is probably explained by the minimum toxicity of Chitosan and the consequent stimulation of cell adhesion, proliferation, and differentiation, a property previously demonstrated by others (11, 37) .
The recorded radiographic results of decrease in apical diameter, showed a statistical significant difference in both groups over the three follow-up evaluation periods (3, 6, 12 months). At 3 and 6 months evaluation periods, group I (NaOCl) showed more percentage decrease in the apical diameter compared to group II (Chitosan), whereas at 12 months follow-up evaluation period, group II (Chitosan) showed more percentage decrease in the apical diameter compared to group I (NaOCl). These findings may support the hypothesis that Chitosan may give a promising results at long term follow-up period. As 2% Chitosan assume relatively high viscosity which showed some difficulties in removal from the root canal walls after being used as a carrier for the antibiotic past. Accordingly the advantage of slow and controlled drug release may continue even after removal of the antibiotic paste (38, 39) .
Regarding the healing of the periapical radiolucency which was recorded in different parameters, the results showed decrease in linear measurements and diameter of the periapical lesion as well as increase in bone density through the follow-up evaluation periods, with no statistical significant difference between the two experimental groups. This finding probably due to proper disinfection of the root canal with irrigant solutions and intracanal medicament, in addition to proper coronal seal with MTA which provide bacteria-free environment (40) .
CONCLUSION
Within the limitations of this study the following could be concluded:
1. Using 2% Chitosan as an irrigant and vehicle for triple antibiotic paste was at par with 1.5% NaOCl irrigating solution and propylene glycol as a vehicle in the revascularization outcome of immature teeth with necrotic pulp and apical periodontitis.
2. Chitosan is a promising natural biomaterial might be used as a feasible alternative to NaOCl in revascularization protocol using blood clot.
